Since the human immunodeficiency virus (HIV) epidemic began, several renal complications resulting from HIV infection of renal cells, immune dysregulation, and specific medications have been noted among individuals infected with HIV [1, 2] . The most severe of these, HIVassociated nephropathy (HIVAN), caused an estimated 35% of kidney lesions among HIV-infected patients biopsied during 1995-2004 [3] and was the fourth leading cause of end-stage renal disease (ESRD) among black individuals aged 20-64 years in 1994-1998 [4] .
The incidence of HIVAN has declined with increased use of potent antiretroviral therapy (ART) [5] [6] [7] ; however, there are other potential causes of ESRD in HIVinfected persons. Antiretroviral medications have renal effects including nephrotoxicity and stone formation [8] . Comorbidities such as diabetes mellitus, hypertension, and hepatitis C virus (HCV) infection are risk factors for progression to ESRD and are more common among HIV-infected persons [9] [10] [11] . Illicit drug use, which is more common among HIV-infected populations, also increases the risk of ESRD [12, 13] . Studies suggest that HIV-infected persons are more likely to experience ESRD than HIV-uninfected persons, with estimated incidence rates (IRs) in the US and Europe of 3-10 per 1000 person-years [14, 15] and 0.5 per 1000 PYs [16, 17] , respectively, corresponding to a 2-to 20-fold greater risk compared with the general population.
A large racial discrepancy has been noted in the burden of ESRD among HIV-infected and -uninfected individuals, with disproportionately higher risk borne by black individuals [17, 18] . Data from the United States Renal Data System (USRDS) indicated that the age-and sex-adjusted incidence of ESRD was approximately 3.4 times higher among blacks in the general population compared with whites in 2010 [19] . Whether reductions in the incidence of HIVAN have impacted the magnitude of the racial disparity in rates of ESRD among HIV-infected individuals is unknown.
There is sparse information on the evolving face of ESRD in the HIV-infected population despite the significant burden of morbidity and mortality that ESRD presents [20] [21] [22] [23] . Given the many potential contributors to ESRD risk, the goal of the present study was to assess the relative contributions of clinical and demographic factors to ESRD incidence and describe recent trends in ESRD risk in a cohort of HIV-infected individuals who are representative of HIV patients in care [24] . Our data, which include ESRD cases validated through an extensive medical record review of HIV-infected patients in clinical care through 2009, allowed us to capture changes in ESRD incidence concurrent with, and likely reflective of, modern therapy improvements. We hypothesized that well-documented improvements in HIV treatment in the modern therapy era have led to declines in risk of ESRD over this period, particularly among HIV-infected black individuals in care, given the diminishing role of HIVAN.
METHODS

Study Sample
The North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) is a consortium of clinical and interval HIV cohorts from Canada and the United States [25] . It is one of 7 regional collaborations of the International Epidemiologic Databases to Evaluate AIDS supported by the National Institutes of Health and draws participants from >100 clinical sites to represent HIV-infected persons engaged in clinical care. In brief, each contributing cohort uses standardized cohort-specific methods of data collection. At scheduled intervals, cohorts securely transfer demographic, medication, laboratory, diagnosis, and vital status information to the NA-ACCORD central Data Management Core (University of Washington), where data undergo quality control for completeness and accuracy before they are combined into harmonized data files. The human subject activities of the NA-ACCORD and each participating cohort study have been reviewed and approved by their respective local institutional review boards and the Johns Hopkins School of Medicine. Eleven clinic-based cohorts (9 in the United States and 2 in Canada) within the NA-ACCORD used medical record evidence to validate cases of ESRD.
ESRD Validation
A screening algorithm identified potential ESRD cases as those subjects who had 2 estimated glomerular filtration rates (eGFRs; calculated from the Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] equation [26] (1) hemodialysis or peritoneal dialysis; (2) renal transplant; or (3) arteriovenous fistula (AVF) placement with additional evidence of dialysis, using a standardized protocol. Dates of renal transplant, dialysis initiation or AVF placement, confirmation source, kidney biopsy reports, medication use, and substance use were all abstracted from medical records as part of the validation process and recorded in a centralized Web-based data entry application. Dialysis delivered temporarily (renal replacement therapy lasting <6 months) for acute kidney injury in hospitalized subjects was not considered ESRD. ESRD date was defined as the earliest confirmed date of chronic renal replacement therapy or, when not available, the date of AVF placement.
Covariate Definitions
ART was defined as a combination of 3 antiretroviral agents from at least 2 classes or a triple nucleoside/nucleotide reverse transcriptase inhibitor regimen containing abacavir or tenofovir. Self-reported race was categorized as black, white, or other/ unknown, and ethnicity was categorized as Hispanic or nonHispanic. For most analyses, the race/ethnicity categories were collapsed to black and nonblack. CD4 + cell count was categorized as <200, 200-349, 350-499, or ≥500 cells/µL. Plasma HIV RNA level ≤400 copies/mL was considered suppressed. For analyses, HIV RNA level was combined with any antiretroviral drug (ARV) use to form a 3-category variable: (1) off ARVs, (2) on ARVs and HIV RNA >400 copies/mL (unsuppressed), or (3) on ARVs and HIV RNA ≤400 copies/mL (suppressed). History of AIDS-defining illness was based on clinical diagnoses. History of injection drug use (IDU) was based on self-report of HIV transmission risk factors. Hypertension was defined as the use of antihypertensive medication, diagnosis of hypertension, ≥2 systolic blood pressure readings >140 mm Hg, or ≥2 diastolic blood pressure readings >100 mm Hg. Diabetes was defined as the use of insulin or oral hypoglycemic medication, diagnosis of diabetes, fasting blood glucose >200 mg/dL, or glycosylated hemoglobin >6.5%. HCV-positive serostatus was defined based on a reactive HCV antibody or detectable HCV RNA level. The Kidney Disease: Improving Global Outcomes (KDIGO) classifications based on eGFR thresholds were used to define eGFR categories representing severity of chronic kidney disease (CKD) [27] .
Statistical Analysis
Person-time accrued from study enrollment on or after 1 January 2000 to the end of the study period on 31 December 2009, death, ESRD, or 1 year after the last serum creatinine measurement. Age-and sex-standardized (directly standardized) IRs were calculated overall and by calendar year using the Centers for Disease Control and Prevention's Bridged Race Intercensal Estimates Dataset, which uses year 2000 census data [28] . Consistent with USRDS methods [19] , a 3-year rolling average was used to present a smoothed trend over calendar time. Trends in comorbidity prevalence were also estimated using the proportion of participants with any past occurrence of hypertension, diabetes, or HCV infection according to the aforementioned definitions. The trend in viral suppression was estimated using the proportion in a given year with all reported viral load measurements ≤400 copies/mL. Age-, sex-, and race-standardized (indirectly standardized) sex-standardized incidence ratios (SIRs) were estimated using rates from the USRDS [19] . To avoid possible bias resulting from higher prevalence of IDU among the NA-ACCORD HIV-infected participants, only the subset of cases without reported IDU were used in the SIR analysis. Adjusted incidence rate ratios (IRRs) and 95% confidence intervals (CIs) were estimated using multivariate Poisson regression models that included the following covariates: age, CD4 + count, HIV RNA, and ARV use as time-varying; female sex, black race, IDU, AIDS, hypertension, diabetes mellitus, and HCV seropositivity as time-fixed using the measurement closest to entry into the present study (within 6 months).
Lastly, to assess the predictors and correlates of ESRD in virally-suppressed participants, a separate analysis looked at the incidence of ESRD among the subset of well-suppressed individuals. A well-suppressed individual was defined as one whose HIV RNA measurements were ≤400 copies/mL for 90% of the observed follow-up time.
All analyses were performed using SAS software version 9.1 (SAS Institute).
RESULTS
Case Validation
The screening algorithm identified 822 potential cases of ESRD. Of these, 616 were validated as having ESRD for a positive predictive value of 75%, with only 4 of the 822 not validated due to missing medical records. After removing 15 cases with missing year of diagnosis and 9 cases where AVF placement was the only evidence of ESRD, there were 592 cases. Of these cases, 286 were incident ESRD cases used in the analysis (Supplementary Appendix Figure A1 ). In 62 (22%) of these, a missing month and/or day of ESRD was imputed as January and/or the 1st, respectively. Date of AVF placement was used in 44 (15%) cases, in which the start date of dialysis was unknown.
Characteristics of HIV-Infected Adults With ESRD
A total of 38 354 HIV-infected adults aged 18-80 years contributed 159 825 PYs to this analysis. A cohort-level description of ESRD cases and PYs contributed is provided in the Supplementary Appendix. The median follow-up time was 3.6 years (interquartile range [IQR], 1.6-6 years). At study entry, HIV-infected participants had a median age of 41 years (IQR, 34-47 years). HIV-infected adults who later developed ESRD were more likely to be female and of black race, have a history of diabetes, hypertension, IDU, or AIDS-defining illnesses, and have an unsuppressed HIV RNA load while on any ARVs, compared with participants who did not experience ESRD during the period of observation ( Table 1 ). The median baseline CD4 + cell counts were 236 and 346 cells/µL in ESRD cases and noncases, respectively. The proportion prescribed ART at study entry was 57% in ESRD cases and 49% in noncases, and no differences were seen in use of tenofovir, atazanavir, or boosted protease inhibitor regimens (Table 1) .
Comparison of HIV-Infected ESRD Cases With the General Population
Using USRDS data as reference, the overall SIR contrasting the expected number of ESRD cases in HIV-infected non-IDU participants by age-, race-, and sex-specific strata to the observed was 3.2 (95% CI, 2.8-3.6). When stratified by race/ethnicity, the SIR was 4.5 (95% CI, 3.9-5.2) for blacks, 1.5 (95% CI, 1.0-2.2) for whites, and 1.7 (95% CI, 1.1-2.5) for Hispanics, compared with race/ethnicity-specific USRDS reference data. By calendar period, the overall SIR was 3. Figure 1 shows the age-and sex-standardized incidences over time in the NA-ACCORD sample, using a 3-year moving average to smooth the trend (eg, the reported incidence in 2001 is the average of the standardized incidence estimated from 2000 to 2002). We also present the age-and sex-standardized incidence over time in the general population as reported in the 2013 USRDS annual report [19] . Overall, HIV-infected participants experienced higher rates of ESRD compared with the general population across all calendar years, with evidence of a declining temporal trend (from 317 to 119 per 100 000 PYs in 2001 and 2008, respectively, P trend < .001), coincident with overall improvements in median CD4 + cell count and viral suppression. When stratified by race/ethnicity, the increased ESRD rate noted overall was largely driven by very high rates in HIV-infected black individuals, though there was evidence of a decline in ESRD incidence over calendar time among HIV-infected black patients. The ESRD incidence appeared to decline annually by 28 per 100 000 PYs per year (95% CI, −40 to −16) in black individuals from a high of 532 per 100 000 PYs, and by 16 per 100 000 PYs per year (95% CI, −19 to −13) in nonblack patients from a high of 138 per 100 000 PYs.
Trends in ESRD Rates and Risk Factors Over Time
The decline in ESRD incidence contrasted with an increase in the prevalence of comorbidities that are known risk factors for ESRD ( Figure 1 ; Table 2 ). ESRD cases in both black and nonblack patients diagnosed from 2005 to 2009 were more likely to have a history of hypertension compared with cases diagnosed from 2000 to 2004 (P = .018 and P = .030, respectively). Among ESRD cases in black patients, there was a higher prevalence of HCV infection in the later calendar period (P = .03). Among nonblack ESRD cases, there was a nonsignificant Figure 1 . Age-and sex-standardized incidence of end-stage renal disease among human immunodeficiency virus (HIV)-infected adults stratified by race and compared with age-and sex-standardized rates in the general population (US Renal Database System). Incidence rates are 3-year rolling averages. Abbreviation: PY, person-years. increase in the prevalence of diabetes (P = .30). One marked difference between ESRD cases in black and nonblack patients was the rate of viral suppression while on ART (Table 2) . Twenty-six percent and 41% of black patients with ESRD were treated with ARVs and suppressed in the early and later calendar periods, respectively, vs 48% and 73% of nonblack patients with ESRD (P = .02 and P = .003, respectively) ( Table 2 ). The striking trend in improved viral load suppression aligned with the noted decline in ESRD incidence in both black and nonblack patients.
Risk Factors for ESRD Among HIV-Infected Persons
A higher incidence of ESRD was observed among HIV-infected adults of black race (vs white), of female sex, of older age, with a history of IDU, and in lower baseline eGFR category (Table 3) . Within the subset who maintained suppressed HIV RNA loads (n = 22 cases occurring over 32 222 PYs), risk factors remained consistent, but absolute rates of ESRD were much lower (68 per 100 000 PYs overall) and approached that seen in the general population (35 per 100 000 PYs) [19] . Figure 2 shows the results of the unadjusted and adjusted Poisson regression. The adjusted IRRs were significantly higher for black patients, those with unsuppressed viral loads while on ARVs, those with lower CD4 + counts, and those with a history of AIDS. Three well-established risk factors for ESRD in the general population-diabetes mellitus, hypertension, and HCV infection-were also highly related to the risk of ESRD. As expected, eGFR category at baseline was strongly associated with the risk of ESRD, with adjusted IRRs that increased stepwise from 3.2 to 48 with increasing CKD severity, compared to participants with eGFR >90 mL/minute/1.73 m 2 . Older HIVinfected persons were at higher risk of ESRD in unadjusted analyses; however, with adjustment for comorbidities and baseline kidney function, that trend reversed, consistent with selective survival of healthier individuals, such that for any given Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus; IDU, injection drug use; PY, person-years [26] . a Defined as HIV RNA ≤400 copies/mL for 90% of the observed follow-up time.
Figure 2. Unadjusted and adjusted incidence rate ratios for end-stage renal disease (ESRD) risk factors. Adjusted estimates are from multivariate Poisson models adjusting for all factors presented. All factors were assessed at baseline except for age, CD4 + count, human immunodeficiency virus (HIV) RNA, and antiretroviral drugs (ARV) use, which were a timevarying factors. Age is shown in years. Abbreviations: CI, confidence interval; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate (mL/min) [26] ; HCV, hepatitis C virus; HTN, hypertension; IDU, injection drug use; VL, viral load (copies/mL).
level of baseline kidney dysfunction, older age represents a better risk profile and slower CKD progression. Estimates are also presented in Supplementary Appendix Table A2 .
DISCUSSION
Over the past decade, HIV care has dramatically improved, as evidenced by increasing rates of viral suppression and declining numbers of new AIDS diagnoses and deaths in the United States and Canada [24, 29, 30] . Whereas rates of HIVANwhich is directly linked to HIV viremia among black individuals [31] -have fallen since their peak in the pre-ART era [5] [6] [7] , HIV-infected blacks in care remain at high risk for ESRD. In this large collaborative cohort of HIV-infected persons in care, we observed that ESRD risk was approximately 6 times higher in black HIV-infected adults compared to their white counterparts, a disparity in risk that remained after accounting for sex, IDU, HIV severity, ART use, baseline eGFR, comorbidity history, and age differences. Although ESRD IRs are declining in the HIV-infected population coincident with overall improvements in viral suppression, HIV-infected black patients with incident ESRD in our study continue to exhibit higher viral loads than their nonblack counterparts. This may result from previously reported lower ART utilization and delayed entry into care seen among HIV-infected black patients [32] ; differential access to care is unlikely to underlie our observations, as all NA-ACCORD participants are engaged in clinical care. Unsuppressed viral load and prior AIDS diagnoses were important risk factors for ESRD in our study, which is consistent with some but not all prior studies [14] [15] [16] 23] . Thus, further reductions in ESRD risk among HIV-infected blacks may be attained by eliminating racial differences in treatment while in care.
Racial disparities in the risk of ESRD would likely persist even given similar rates of viral suppression as a result of genetic susceptibility to more aggressive CKD progression through APOL1 risk variants [33, 34] . Innate immune activation leads to potentially damaging overexpression of APOL1 protein among carriers of APOL1 high-risk alleles, who are almost exclusively black and comprise 13% of the US black population [35, 36] . Thus, HIV-associated immune activation, which continues even after immune restoration and viral suppression [37] , may disproportionately increase ESRD risk among HIV-infected black individuals carrying APOL1 risk alleles. Such a mechanism could explain the elevated risk noted in well-suppressed HIV-infected black patients in NA-ACCORD and would suggest that earlier entry into care, earlier ART initiation, and long-term viral suppression to attenuate immune activation may be particularly important for renal protection in blacks.
Immune activation is an important ESRD risk factor, even in HIV-infected individuals who do not carry APOL1 risk variants, through its impact on age-related comorbidity risk [37] .
Kidney disease resulting from comorbid risk factors may be supplanting that caused by HIV; trends in comorbidity prevalence demonstrate the increasing presence of hypertension, diabetes mellitus, and HCV infection among our cohort. Diabetes and hypertension have been previously found to be strong predictors of ESRD risk in HIV-infected adults [14] . A recent study by Ryom et al found effect estimates similar to the present study [23] . Lower CD4 + counts and higher viral loads characterized early ESRD cases, whereas those occurring after 2005 were less advanced in their HIV disease but had more comorbidity. Prevention and treatment of comorbidities in HIV-infected populations may be the future of ESRD prevention in the modern ART era. This study describing ESRD trends and risk factors was strengthened by the extensive follow-up of a large population of HIV-infected individuals from >100 clinical sites across North America. It should be noted this breadth of representation also results in heterogeneity in terms of individual cohort ESRD risk, as shown in the Supplementary Appendix Table A1 where cohort IR estimates range from 0 to 550 per 100 000 PYs. The rigorous validation process for ESRD diagnoses assured high specificity of the case definition. GFR was estimated using the CKD-EPI equation, a serum creatinine-based estimating formula, which has been recently validated in an HIV-infected population [38] . The study is limited, however, in the degree to which we can explore myriad potential contributing factors such as smoking, recreational drug use, and non-ARV nephrotoxic medication use as well as kidney disease biomarkers such as urine protein, as these data were not consistently collected across the cohorts at the time of the ESRD validation. Socioeconomic factors that may drive discrepancies in viral load suppression rates between blacks and nonblack patients were not collected.
In conclusion, our findings suggest that HIV-infected individuals have benefited from improved viral suppression in terms of ESRD risk, despite an apparent rising trend in the prevalence of comorbid risk factors for kidney disease. However, there remains a large racial disparity in ESRD risk resulting from several potential mechanisms: (1) continued disparities in ARV use and viral suppression; (2) higher rates of comorbid risk factors for kidney disease; and (3) differences in genetic or gene-environment risk profiles. These racial differences in ESRD risk have important implications. They highlight the need for continued efforts to close racial gaps in early access to ART to achieve durable viral suppression as well as early interventional strategies for comorbid risk factors to slow kidney disease progression in HIV-infected black individuals.
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